We generelize the Polyakov's approach for Burgers turbulence in higher dimensions. In this respect, we write the operator product expansion and find the exact two-point functions of the Burgers equation in two and three-dimensions. We show that the angular dependence of the correlation functions satisfy the same equation, which is found in the instanton approach.
1-Introduction
Recently a tremendous activity has developed on the non-perturbative understanding of turbulence [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Turbulence without pressure has been described by Burgers equation. Burgers equation is the simplest equation that resembles the analytic structure of the NavierStokes equation, at least formally, within the scope of applicability of the Kolmogorov's arguments [14] . In the other hands, there has been a renewed interest in Burgers equation, since it is found to arise naturally in a number of diverse contexts. Different form of this equation describe the growth of interfaces (KPZ-equation [14] ), driven diffusion, etc. (see [4] for more detail).
A statistical theory of turbulence has been put forward by Kolmogorov [13] , and further developed by others [15] [16] [17] . The approach is to model turbulence using stochastic partial differential equations. In this direction, Polyakov [5] has recently offered a field theoretic method to derive the probability distribution or density of states in (1+1)-dimensions in the problem of randomly driven Burgers equation [18] . Polyakov formulates a new method to analyse the inertial range correlation functions based on two important ingredients in field theory and statistical physics, the operator product expansion (OPE) and anomalies. He argues that in the limit of high Reynolds' number because of existence of singularities at the coinciding point, dissipation remains finite and all subleading contributions vanish in the inertial range. Using the OPE, one can find the leading singularities and show that this approach is self-consistent. Polyakov reduces the problem of computation of the veloctiy correlation functions to the solution of a certain partial differential equation.
In this direction the N-point generating functions in one-dimension have been found in [19] . The two-point functions for different type of correlations for noise has been found in [20] and the perturbative calculation in the presence of pressure has been done in [21] . Recently it is shown that the OPE approach generats in self-consistent way the shock-structure of the Burgers equation [22] .
In this paper we generlize the OPE approach to higher dimensions and find the twopoint generating functions of veloctiy field in two and three-dimensions. It is shown that the angular dependence of generating functions is the same as in the instanton approach [8] .
The paper organized as follows: in section 2, we derive the Polyakov's master equation in higher dimensions. The two-point generating functions are derived in two and three dimensions in section 3 and 4, respectively.
2-The OPE Approach in Higher Dimensions
In this section we derive Polyakov's master equation in higher dimensions and write the effect of viscosity term in high Reynolds' number (anomaly-term) for the isotropic turbulence.
We consider the Burgers equation in N dimensions:
where u and ν are velocity field and viscosity, respectively. The f(x, t) is a Gaussian random force with the following correlation:
where
To investigate the statistical description of eq. (1) following Polyakov [5] , we consider the following two-point generating functional
We write the eq.(1) in two points x 1 and x 2 for u 1 , u 2 , · · · , u N and multiply the equations in λ 1,
, and λ 2,x N , respectively. We add the equations and multiply the result to exp(λ 1 .u(x 1 ) + λ 2 .u(x 2 )) and make averaging with respect to external random force, therefore we find:
where C i,µ and D 2 are,
and
where e λ (x) = e λ·u(x) and D 2 is anomaly term. According to [5] , this term gives us the finite effect of viscosity term in the limit of high Reynolds numbers. Now we use following relation:
and noting that, f(x, t) has Gaussian nature and also giving address to causality, we find:
Now we consider the eq. (6), which is the anomaly-term. To compute the finite effect of this term we need to generelize the OPE in higher dimensions. This generelization is not, however trivial. But it is possible to investigate the anomaly term in the case of isotropic turbulence. This means that the finall results must be invariant under rotation. Therefore we find:
According to [5] , we take a(|λ 1 |, |λ 2 |) = 0, and in the steady state we find the following equation for Z 2 :
Finally we suppose following form for k µν
with k(0), L = 1.
In the following sections, we solve the eq.(10), in two and three-dimensions.
3-Two-Point Generating Function in Two-Dimensions
Let us consider the eq.(10) in two dimensions:
Now we change the variables, so that:
It is easy to show that eq. (12) with eq. (11) for k µν , can be written as follows:
where x + = λ + = 0. Now we write the eq. (14) in polar coordinats in two-dimensions, such that (x − , y − ) → (r, θ) and (λ −x , λ −y ) → (ρ, ϕ):
Now we define θ − ϕ = ψ and θ + ϕ = η, then,
Finally using z and s so that z = ρr and cos(ψ) = s we find:
where we have used ∂ η Z 2 = 0, which is the consequence of the assumption of isotropy. We propose following Ansatz for Z 2 ,
immediately we find γ = 3/2 and f (s) satisfy the following equations:
Using the eqs. (19) we find:
The equations (19) can be solved as:
using eqs. (19), (20) and (21) we find the following value for the parameters;
which comes from the positivity of the probiblity disturbution function [8] .
It is interesting that the equation for f (s) in the OPE approach (i.e. eq. (21)) is the same as equation for f (s) in the instanton approach [8] . In the next section we show that this is true even in three-dimensions.
4-Two-Point Generating Function in Three-Dimensions
Let us write the eq.(10) in three dimensions:
Now we change the variables as :
we consider the spherical coordinats, so that x − : (r, θ, ϕ) and λ − : (ρ, θ ′ , ϕ ′ ). Now we write the eq.(23) in the spherical coordinates. Direct calculation shows that
where cosγ = cosθcosθ ′ + sinθsinθ ′ cos(ϕ − ϕ ′ ). Also the third term in the eq.(23) has the following form: 
Same as two-dimensions, we define the variables z and s, so that s = cosγ and z = rρ, therefore we find:
